datied e G IAr do Ll s NS RS e SO B e

e
prr-acry 2y A

FTD-MT-24-1583-71

>
: gl FOREIGN TECHNOLOGY DIVISION
: e

et

THE VISCOSITY OF METHANE-NITROGEN AND METHANE-NITROGEN-
HYDROGEN MIXTURES AT TEMPERATURES FROM 273 TO 473°K

AND PRESSURES TO u90.3°105 N/m2

by

N. Ye. Gnezdilov and I. F. Golubev

"~ 4

: Lo 1"+1? ?
:.2"

!

s

Approved for public release;

distribution unlimited.
Roproduced by o
NATIONAL TECHNICAL 10}
INFORMATION SERVICE ; !

| Springhold, Va. 22151

i e £ e W Y it it AR R A2,

Bt b A e g S L s T g b T



pr
Z @
Owo*

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.




*,

Gyl 5 szt i o T e gl byl i e i e ® Ldiesatinsig
gl il i kit A PR SR L e AR o b tealil A Shicmi s DAL N
et
3
i' . = . — e AR MR AR AT P AL et DA P BT PR e e ST AT S S TNy
i
' 3
4 .
: T
{

FID-MT- 2i-1583-71

EDITED MACHINE TRANSLATION

THE VISCOSITY OF METHANE-NITROGEN AND METHANE-
NITROGEN~HYDROGEN MIXTURES AT TEMPERATURES FROM
273 TO 473°K AND PRESSURES TO 490.3:105 N/m2

By: N. Ye. Gnezdilov and I. F. Golubev

English pages: 6

Source: Gazovaya Promyshlennost' (The Gas
Industry), Vol. 13, No. 4, 1968,
pp. 46-48.

4 This document is a SYSTRAN machine aided trans-

: . lation, post-edited for technical accuracy by:
Charles T. Ostertag.

Approved for public release;

IR /0492-68-013-004 distribution unlimited.
THIS TRANSLATION IS A RENDITION OF THE ORIGI- ;
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR :
b EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY: :
§ ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE h
o ANDDO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION b
E: OR OPINION OF THE FOREIGN TECHNOLOGY DI FOREIGN TECHNOLOGY DIVISION ]
i VISION. WP-AFB, OHIO.
i3
I 2
FID-MT- 2i-1583-71 Date 1 Fep 1972 ,
9




Recittsbacadieil I 1 i kLt e e G S R .

3 JNCLASSIFIED N
] o
3 Security Clulmcatllon y
: ) DOCUMENT COMTROL DATA - R & D
3 R (Security classilication of title, body of adbatrect and annotstion must be entersd when Ihe overall nﬁn is cuum.d!
i {ioniemNarnG ACTIVITy (Comparete auihor 20. REPORT SECURITY CLASIIFICATION :
: 4 ~014{gn echnology Division UNCLASSIFIED 4
3 { Alr Force Systems Command TR I
& k Y, 5. Alr Force g 4
3 - :
4 *S. AEBORT Ti 3
3 ! PJE VISCO ITY OF METHANE-NITROGEN AND METIANE-NITROGEN-HYDROG=N ;
3 g MTXTURES AT TEMPERATURES FROM 27% TO 4732 DECREES K AND PRESSURES ;
. : )
70 490,3 TIMES 109 N/m° ;
'; 4 DESCRIPTIVE NOTES (Type of teport and inclusive dates) F
: “ranslation {
1% AUTHORIL) (Fitat name, middle initlal, laat name) g
¢ i
j : i
1 eoerdilov, M. Ye.; and Golubew; I. Fs x
i :
:e. REPOHT DATE 78, TOTAL NO. OF PAGES 7b. NO. OF REFS :'
l 108 6 5 ;
'.'ll. CONTRACY OR GRANT NO. 90, ORIGINATOR'S AEPORT NUMBERIB) ?
»
? b PROJECT NO.  F-3515-71-C-1182 i
: ( 71 Jar 01 ) FTD-MT-24 158371
Ve . OTHER REPORY HO(B) (Any other numbers thel may bs sssignod
18 repert) g
s :
10, DISYRIBUTION STATENMENT }:
|
g Avprcved [or public release; distribution unlimited. d
‘ \
't SUPPLEMENTARY? NOTYES 13. SPONJORING MILITARY ACTIVITY ‘L
p FPereign Technology Divisiorn b
E dvicht-Patterson AFR, Ohic %
13
L .
l‘|!. ADSYRACT ¥
i !
z \
/ : i
:
; Mixtures containing methane, nitrosen, and hydrvosen arc fre-
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] dynamic ond Lhnrmal calculations of the2se precesses it iz re- :
; mired to know the viccosity coefflicients of mixtures ontainiﬂg !
¢ the Andicated conponents at various temperaturce and pressurs ;
¢ Al the presceont time data are available on the viscosity of mln— ;i
§ tures containing mothane, nitroren, and hydarogen wiich were .
r sbhtadined corlier for one bhinary mixture with given compositicon,
; vercaentages, temperaturcs anld presasures,
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CHy # 62.5% M. + 0.5% N, at tem~eratures frem 293 vto 47378 and pres-
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THE VISCOSITY OF METHANE-NITROGEN AND METHANE-NITROGEN-
HYDROGEN MIXTURES AT TEMPERATURES FROM 273 TO 473°K

AND PRESSURES TO £90.3-10° N/m?
M. Ye. Gnezdilov and 1. F. Golubev

Mixtures containing methane, nitrogen, and hydrogen are freguently
enccuntered in the industrial practice cf the gas and chemica! indus-
try, fér example in the processes of conversion of methane, svnthesis
of wmmonia, and oth-ors.

For the hyurodynamic and thermal calculations o!' these procuesses
it 15 required to know the viscoslity coefficlients of mixtures contaln-
ing the indicated components at various temperatures and pressures.

At the present time data are avallable on tne viscosity of mixtures
containling methane, nitrogen, und hydrogen which were obtalined ecarlier
i1] for one binary mixture witii tie compcsition E0% Cli, + 20% N2 at
temperatures ot 293, 323.6, and 373.2°8 'nd pressures from 0.1013 to
40. mN/mg and for three terncry mligtures with the compositlion

3T G CH“ + J€.80% Hd + b4y, 347% N2 at Lemperatuzes from ¢24.4 ve
374,52 and precsures from J0.1013 to 30.39 nlN/m“; the compositlon

s
ly. b5 Cil, + 24.7% H. + 55.9% ”2 at temperac ces from 285.7 *o 373.9°k
1 (S

and pressures from 0.1013 to 30.39 mN/mé; ana the composition 17%
- C .
3 ] 7 n ’ a
siures from 0.1013 to 81.0k mN/m°.
Using the capillary method on the previously described fnstallation
“1)owe continued and expanded the measurements of the viscootty of

ALaren containing these components, e determined the viscoslitly of

L=t =215 5-T1 i
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two binary mixtures with the compoasition 4 -
55.1% CHU + N?.?% NE at 1 473°K and

to 46,03 mN/” and two ternary mixtures witn the compodcition 21.7°%
Ch, + S H;, F26.4% X mmd 18.%% CH, + 49.8f H, + i LAug N, o

[
tenperetares to 42.073
1-4.

27.8% CH, ¢ [c.2% N. anc
2!

temperatures f{rom v

y
Treis 27, v H73°A and proasures

aNsmT,

results of U9t measurzmentz are glven in Table.
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Table 3.
for a mixture:

-8 -2
Viscosity (10 Nesem °)

21.8% CH, + 57.7%

Table

for a mixture:

4.

Viscosity (10
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As an example rfigure ¢ shows the dependence of the viscosity of
the methane-nitrogen mixtur: on

sompusition at a temperature of 325K

e VaErious pressures.,

Lt should be ncted that the graphle processings
of the experimental data on the aependence of tne viscosity of methane-
rnitregen mistures on composition and other temperaturss showed a ple-
ture analogcus tc that deplcted in ig., 2.

Ml Here the da%ta <1 work 1]
are arranged we.i! - .he cupves ol depeadence o composition at all

the Investigated terpcratures . auo

ciception are the dati obltalned at

datmospheric pressure,.

Wi e Fig.

2. The viscosity of o 7TH,-N.

<

JEE7

mixture at 323°% ard varjcas pres-
- a

Lfures ——— ccording to tne au-
% thors, O — accourdin- to work [1].
250 . : =9 g

i Key: (1) Viscosity, 1077 WNesem®;
X : e e
L 2200 (< mN/M
%
s
E 1808

1) B
s

[
L

Flgur: 2 deplcots the resulis o
g L

S oexpe2rimental measurements for cne
21" the Lernary mixwvures ol methane -hyurogen-nitrogen. Such a picture
1z also ouserved for the scecond Investigated mixture.

"lg. 3. itie viacosgsity of the mix-
ture 14.8% Chy, + H9,8% H, + 31.4%
3 N.. aepunding on pressure arnd tem-
M o
e purature
Y A _8 . 2
= | FEY: (.} Viscosity, 1077 Hesem®;
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Figure 4 depicts the processing of the laboratory findings on
Lthe viscosity of ternary mixtures in the coordinates "excess viscosity-
density", showing also that for triple (multicomponent) mixtures there
is a uniform dependence of excess viscosity on density at various tem-

peratures.,

v
N

1004 T T T Fig. 4. Dependence of (n_ ,.~n.
T1218% CH,+ 577% Hy* 20,5% Ny P,
on density for a CH“—-HE—Nq mixture,
600 = f dﬁﬂp KEY: (1) Density, g/cm3.
Q9]
o L | Wi
*Ef T T T
o H/é:ﬁ%[ﬁg"lglﬂ%ﬂz' l.l’%NL
> 1000 /‘{—
; ]
ST —
- "0 273
M 0 298
& 323
200 s ® 423 [~

0 005 010 ar5 029
(1) Mnomnocme, 2/cm?

"he values of density for ternary mixtures used in this procuss-
Ing were calculated according to the Krichevskiy-Kazarnovskly equation
(3] with the constants given tn work [2].

CONCLUSIONS

“he laboratory findings, measured by the caplliary method, arc
pwiver for mixtures with the composition: 27.38% CHy, + 717.%% Nos vb. ik
'.“-:_,: + .98 N.?; 21.5% CHu + 57.7% H2 + 20.5% N2; and 185.5% C“l& + 49,07
S, slag N, at temperatures from 273 to 473°K and pressures to 45,0

e/

.

“he processing or the experimental results showed the unlque

Qupedence of excess viscosiuly on lensity at all temperatures.

SiD=N -1 E3-T1
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